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ABSTRACT
Introduction: Coronary artery disease (CAD) contributes
significantly to the development of Heart failure in both
developed and developing countries. Recognition of CAD in
these patients significantly alters the management strategy.
This study was aimed at assessing the prevalence of coronary
disease in the patient with Left Ventricular systolic dysfunction
of unknown cause
Material and Methods: This prospective study enrolled
all the consecutive patients with LV systolic dysfunction of
unknown cause and Status of coronary arteries of eligible
patients was assessed with coronary angiogram.
Results: A total of 145 patients were enrolled in this study.
Mean age of the patients was 53.4±7.43 years. There were
91(62.8%) males and 54(37.2%) females. Dyspnea on exertion
(DOE) was presenting symptom in 71(51.7%), Angina on
exertion (AOE) in 15(10.3%), DOE & AOE in 47(32%), and
Unstable angina (UA) in 08(5.5%) of cases. Hypertension
was the risk factor in 88(60.7%), diabetes in 35(24.13%),
smoking in 60(41.4%) and dyslipidemia in 32(22.06%)
cases. Echocardiography of study patients revealed, mild LV
dysfunction (EF=40%-49%) in 57 (39.7%) patients, moderate
LV dysfunction (EF=30%-39%) in 71 (49%) patients and
sever LV dysfunction (EF<30%) in 17 (11.7%) patients.
Conclusion: coronary artery disease contributes significantly
to development of LV systolic dysfunction of unknown cause
and its presence significantly alters the management and
prognosis in these patients.
Keywords: LV systolic dysfunction, coronary angiography,
Coronary artery disease.

INTRODUCTION
A variety of cardiac disorders culminate finally by various
cascade into Left ventricular systolic (LV) dysfunction
with subsequent congestive heart failure (CHF). Luminal
narrowing of Coronary arteries leading to ischemic heart
disease is the dominant cause of heart failure and is often
associated with acute or prior myocardial infarction (MI).
The other causes of LV dysfunction leading to heart failure
include cardiomyopathy, hypertension, valvular heart disease
and myocarditis.1
Ischemic heart disease (IHD) accounts for approximately
two thirds of cases of patients with heart failure with
reduced ejection fraction in US.2 IHD is currently the
second most common etiology after rheumatic heart disease
in India.3 The term ischemic cardiomyopathy has been
used to describe significantly impaired left ventricular
function that results from coronary artery disease. There
are two main pathogenetic mechanisms, which are

importantly distinguished by the possibility of corrective
therapy: First the Irreversible loss of myocardium due to
prior myocardial infarction with ventricular remodeling.
Recovery of myocardial function in such patients cannot be
achieved by coronary revascularization since the infarcted
tissue is not viable. Second, at least partially reversible
loss of contractility due to reduced function of ischemic
but still viable myocardium, which can be detected on
imaging studies. Hibernating myocardium is typically used
interchangeably with viable myocardium. However, by
strict definition, the term hibernating myocardium refers to
contractile dysfunction in viable myocardium that improves
after revascularization or perhaps medical therapy.4,5
The etiological differentiation of LV dysfunction into
ischemic cardiomyopathy and non-ischemic cardiomyopathy
(DCM) is crucial in clinical practice for several reasons.
Patients with heart failure of ischemic origin have a poorer
prognosis when compared to other etiologies.6,7,8 The
potential benefit of myocardial revascularization procedures
and pharmacotherapy in the secondary prevention of
cardiovascular disease is also a key factor that should be
considered in therapeutic decision-making. In many centers,
coronary angiography is routinely performed for this task.
In those patients with unobstructed coronary arteries and
no other etiological factor, the diagnosis of DCM is usually
made. Patients with heart failure are considered as having
ischemic etiology when they have a history of myocardial
infarction, revascularization procedure, or angiographic
evidence of obstructive coronary artery disease.9 Noninvasive
methods to assess myocardial ischemia in this population
are of limited use, as the presence of perfusion deficits and
alterations in segmental mobility are often present in patients
with non-ischemic heart disease.10,11 Thus, the assessment of
the coronary anatomy by means of cardiac catheterization
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is considered the procedure of choice for the investigation
of ischemic heart disease in patients with heart failure with
reduced ejection fraction of unknown etiology.12
Current study aimed to study the incidence of coronary artery
disease (CAD) in patients of LV dysfunction of unknown
etiology and to assess distribution and severity of CAD visavis possible etiological role in the genesis of LV dysfunction.

MATERIAL AND METHODS
This prospective, observational and non-randomized study
was conducted in the Department of Cardiology at Sheri-Kashmir Institute of Medical Sciences (SKIMS) Soura,
Srinagar, Jammu & Kashmir. Study subjects were recruited
from July 2016, for a period of 2 years.
Study population
This study included 145 consecutive patients of diagnosed
LV systolic dysfunction (EF<50%), without known etiology,
who full filled the eligibility criteria described below.
Inclusion criteria
1. Patients with age > 18 years.
2. Asymptomatic / symptomatic patients with LV systolic
dysfunction (EF<50%) of unknown etiology.
3. Patients with no known contraindication to invasive
CAG.
4. Patients willing to undergo invasive CAG.
Exclusion criteria
1. Patients who are known cases of CAD [CAG
documented CAD, previous myocardial infarction (MI)
or revascularization].
2. Patients with valvular and congenital heart disease.
3. Drug / toxin induced LV dysfunction.
4. Peripartum cardiomyopathy.
5. Patients with previous documented myocarditis.
6. Patients with known contraindication to invasive CAG.
7. Patients who did not consented for invasive CAG.
After obtaining informed consent, coronary angiography
(CAG) was performed in all cases. CAG was performed by
using femoral or radial route depending upon the operator
preference. All coronary arteriograms were assessed by two
expert interventional cardiologists, who were blinded to
the clinical details of the patient. Coronary artery disease
(CAD) was defined as the presence of any atherosclerotic
plaque in major epicardial coronary artery or its first order
branches. Significant CAD was defined as ≥ 50% diameter
stenosis of left main coronary artery (LMCA) or ≥ 70%
diameter stenosis of other epicardial coronary arteries, when
compared with the adjacent normal part of the coronary
artery. CAD was classified as single vessel disease (SVD),
double vessel disease (DVD) and triple vessel disease (TVD)
depending upon the number of major epicardial arteries with
significant involvement (≥50% diameter stenosis). CAD
with <50% diameter stenosis of one or more major epicardial
vessels was classified as non-obstructive CAD. In patients
with intermediate stenosis (50%-70%) FFR (fractional flow
reserve) was performed where ever possible. Patients with
significant LMCA disease, SVD / DVD involving proximal
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LAD and TVD were considered to have LV dysfunction
secondary to CAD.9,13,14 Statistical analysis was done using
SPSS Version 23.

RESULTS
In this study we enrolled 145 consecutive patients with LV
dysfunction of unknown etiology. Mean age of patients was
53.4±7.43 years. Out of 145 patients of LV dysfunction of
unclear etiology, 91 (62.8%) were males and 54 (37.2%)
were females. Male to female ratio in our study was 1.7:1.
Most of the study patients (71%) belonged to rural areas
while 29% were from urban areas.
Presenting symptoms in study patients of LV systolic
dysfunction were dyspnea on exertion (D.O.E), angina on
exertion (A.O.E), both D.O.E and A.O.E, unstable angina
(U.A) as shown in table 01.Overall D.O.E was most common
presenting symptoms in 84.1% of study patients, followed
by A.O.E in 42.7% patients
Hypertension was noted as the most common risk factor with
88(60.7%) patients having this risk factor for coronary artery
disease. Smoking was the second most common risk factor
followed by diabetes and dyslipidemia. There was no patient
with family history of coronary heart disease as shown in
table 02.
Most common ECG abnormality was left bundle branch
block (LBBB), was present in 75 (51.7%) patients. 44
(30.3%) patients had normal ECG, 10 (6.9%) had poor R
wave progression (RWP), 6 (4.1%) had atrial fibrillation
(AF), 5 (3.4%) had Q waves, 3 (2.1%) had PM rhythm and 2
(1.4%) had bifascicular block as primary ECG abnormality.
Echocardiography of study patients revealed, mild LV
dysfunction (EF=40%-49%) in 57 (39.7%) patients,
moderate LV dysfunction (EF=30%-39%) in 71 (49%)
patients and sever LV dysfunction (EF<30%) in 17 (11.7%)
patients. Mean EF±SD was 32.3±8.4.
Angiographic characteristics of the study population is
depicted in the table 03. Out of 145 patients coronary
artery disease was found in 38(26.2%) of cases. Significant
coronary artery disease to cause LV systolic dysfunction was
seen in 15(10.3%) of the study population. Single vessel
disease (SVD) was the most common pattern of involvement
and left anterior descending coronary artery(LAD) was the
most common artery involved in the case with coronary
artery disease.
Analyzing the severity LAD lesion in CAD patients, the study
found <50% diameter stenosis in 4 (10.5%) patients, 50-69%
diameter stenosis in 3 (7.9%) patients and ≥70% diameter
stenosis in 23 (60.5%) patients. Severity of LCX lesion in
CAD patients was: <50% in 6 (15.8%) patients, 50-69% in 1
Symptom
DOE
AOE
DOE&AOE
UA
Total

N (%)
75(51.7)
15(10.3)
47(32.4)
08(5.5)
145(100)
Table-1: Presenting symptom

International Journal of Contemporary Medical Research
ISSN (Online): 2393-915X; (Print): 2454-7379

Hafez, et al.

Risk factor

N (%)

Coronary Angiographic Profile of Left Ventricular Systolic Dysfunction

Hypertension
88(60.7%)

Diabetes
Smoking
35(24.13%)
60(41.4%)
Table-2: Risk factors for CAD

N (%)
Coronary artery disease(CAD)
Present
Absent
Total

38(26.2)
107(73.8)
145(100)

Present
Absent
Total

15(10.3)
130(89.7)
145(100)

SVD
DVD
TVD
Total

20(52.6)
5(13.1)
8(21.0)
38(100)

Significant CAD

Number of vessels involved

Coronary artery involved
LAD
30(78.9)
LCX
19(50)
RCA
16(42)
LM
0(0)
Table-3: Angiographic Profile of the Study Population

(2.6%) patient and ≥70% in 12 (31.6%) patients. RCA lesion
severity in CAD patients was: <50% in 1 (2.6%) patient, 5069% in 6 (15.8%) patients and ≥70% in 9 (23.7%) patients.

DISCUSSION
In this study 145 consecutive patients were enrolled with
LV systolic dysfunction (EF<50%) of unknown etiology.
Out of 145 patients included in the study, 91 were male and
54 were females with mean age of 53.4±7.43. Of them 88
(60.7%) were hypertensive, 60 (41.4%) were smokers, 28
(19.3%) were diabetic. Dyslipidemia (LDL>130 mg/dl)(39)
was present in 13 (9%) and 15 (10.3%) were hypothyroid.
Most common presenting symptom was dyspnea on exertion
(84.1%) followed by
angina on exertion (42.7%). Most common primary ECG
abnormality was LBBB (51.7%) and mean ejection fraction
of study patients was 32.3±8.4%. Coronary angiography was
performed in all study patients.
The main findings in this study were,
1. CAD was present in 38 (26.2%) study patients.
2. CAD significant to cause LV systolic dysfunction was
present in 15 (10.3%) study patients.
3. Most of CAD patients 20 (52.6%) had single vessel
disease.
4. Most common vessel affected was LAD [30 (78.9%)
CAD Patients]. Of them 23 (76.6%) had ≥70% diameter
stenosis of LAD.
In many patients with LV systolic dysfunction, the etiology
is apparent such as previous known CAD or valvular heart
disease. CAD is the most common cause of LV systolic
dysfunction both in developed and developing countries.
However a substantial number of patients have LV systolic

Family history

0(0.0%)

dysfunction of uncertain etiology.7 In these patients
identifying the ischemic disease (CAD) as primary etiology,
not only has treatment and prognostic implications but is
also associated with worse long term outcomes.7,8 In these
patients cardiovascular risk factors or ongoing typical angina
is not enough to diagnose an ischemic etiology. Because
many patients with significant CAD might not report angina
nor have a clear history of previous MI especially diabetics
and females and many patients with LV systolic dysfunction
due to non-ischemic cardiomyopathy experience angina.15
In these patients coronary angiography is the procedure of
choice for detection of CAD.10
Our study showed CAD was present 26.2% patients with
LV dysfunction of unknown etiology and 10.3% patients
had significant CAD to cause LV systolic dysfunction. This
justifies use of CAG and CAD may have a role in causing
LV systolic dysfunction in this patient population. Western
studies have shown, nearly one fourth to one third patients
of LV dysfunction of unknown etiology had CAD (31% by
Filipa Silva et al17, 28.2% by Jeremias Bayon et al.18) Similar
observations were shown in India (27% by Ramachandra
Barik et al19, 30% by S. Saraf et al.20).
Our study showed results that were consistent with these
studies that CAD was present in 26.2% patients of LV
dysfunction of unknown etiology.
Our study showed that significant CAD was present in 10.3%
study patients (39.5% CAD patients). Similar observations
were shown by other studies (9.3% by Rodrigo M Orel de
Melo et al21, 23.1% of 31% CAD patients by Filipa Silva
et al17, 15% by Rami Doukky et al22, 13% by Figulla H R et
al23, 16% by Ramachandra Barik et al19, 20% by S. Saraf et
al.20) The differences noted in study results were attributed
to use of more or less rigid criteria for patient selection and
non uniformity of the definition of significant CAD used in
these studies.
In our study out of 38 CAD patients, 20 (52.6%) patients had
SVD, 5 (13.1%) had DVD, 8 (21%) had TVD and 5 (13.1%)
had nonobstructive CAD. Most of the CAD patients had SVD
(52.6%). Similar angiographic data was shown by Jeremias
Bayon et al18, 44.4% patients had SVD (most common),
26.4% had DVD and 29.2% had TVD. The differences noted
between results of these studies were attributed to <50%
diameter stenosis was grouped as non-obstructive CAD in
our study.
While analysing lesion distribution in patients having CAD,
our study showed LAD lesion in 78.9% patients (most
common vessel affected), LCX in 50% and RCA in 42.1%.
Similar angiographic data was shown by Jeremias Bayon
et al18, LAD lesion in 66.3% patients (most common vessel
affected), LCX in 53%, RCA in 63.2% and LMCA in 5.9%.
The difference noted was absence of LMCA involvement in
our study.
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CONCLUSION
This study shows presence of coronary artery disease in
significant proportions in patients with LV dysfunction
without prior history ischemic heart disease. The incidence
of angiographically significant CAD was high, suggesting
that routine CAG should be considered in patients of LV
systolic dysfunction of unknown etiology.

REFERENCES
1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

D4

Paul W Armstrong. LV dysfunction: causes, natural
history and hopes for reversal. Heart 2000;84(supp I):
i15-i17.
He J, Ogden LG, Bazzano LA, Vupputuri S, Loria C,
Whelton PK. Risk factors for congestive heart failure in
US men and women: NHANES I epidemiologic followup study. Arch Intern Med. 2001;161:996-1002.
Chaturvedi V, Parakh N, Seth S, Bhargava B,
Ramakrishnan S, Roy A, et al. Heart failure in India: The
INDUS (INDiaUkeire Study) study. J Pract Cardiovas
Sci 2016;2:28-35.
Underwood SR, Bax JJ, vom Dahl J, et al. Imaging
techniques for the assessment of myocardial hibernation.
Report of a Study Group of the European Society of
Cardiology. Eur Heart J 2004; 25:815-36.
Shah BN, Khattar RS, Senior R. The hibernating
myocardium: current concepts, diagnostic dilemmas,
and clinical challenges in the post-STICH era. Eur
Heart J 2013; 34:1323.
Bart BA, Shaw LK, McCants CB Jr, Fortin DF, Lee
KL, Califf RM, et al. Clinical determinants of mortality
in patients with angiographically diagnosed ischemic
or nonischemic cardiomyopathy. J Am Coll Cardiol.
1997;30:1002-8.
Gheorghiade M, Sopko G, De Luca L, Velazquez EJ,
Parker JD, Binkley PF, Sadowski Z, Golba KS, Prior
DL, Rouleau JL, Bonow RO. Navigating the crossroads
of coronary artery disease and heart failure. Circulation
2006;114:1202e1213.
Carson P, Wertheimer J, Miller A, et al. The STICH trial
(Surgical Treatment for Ischemic Heart Failure): modeof-death results. JACC Heart Fail 2013;1:400-8.
Felker GM, Shaw LK, O’Connor CM. A standardized
definition of ischemic cardiomyopathy for use in
clinical research. J Am Coll Cardiol. 2002;39:210-18.
De Jong RM, Cornel JH, Crijns HJ, van Veldhuisen
DJ. Abnormal contractile responses during dobutamine
stress echocardiography in patients with idiopathic
dilated cardiomyopathy. Eur J Heart Fail. 2001;3:42936.
Wallis DE, O’Connell JB, Henkin RE, Costanzo-Nordin
MR, Scanlon PJ. Segmental wall motion abnormalities
in dilated cardiomyopathy: a common finding and good
prognostic sign. J Am Coll Cardiol. 1984;4:674-9.
Dickstein K, Cohen-Solal A, Filippatos G, McMurray
JJ, Ponikowski P, PooleWilson PA, et al. ESC Guidelines
for the diagnosis and treatment of acute and chronic
heart failure 2008: the Task Force for the Diagnosis
and Treatment of Acute and Chronic Heart Failure 2008
of the European Society of Cardiology. Eur Heart J.
2008;29:2388-442.
Fihn SD, Gardin JM, Abrams J, et al. 2012 ACCF/
Section: Cardiology
Volume 7 | Issue 4 | April 2020 | ICV: 98.46 |

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

AHA/ACP/AATS/PCNA/SCAI/STS guideline for
the diagnosis and management of patients with stable
ischemic heart disease: a report of the American
College of Cardiology Foundation/American Heart
Association Task Force on Practice Guidelines, and the
American College of Physicians, American Association
for Thoracic Surgery, Preventive Cardiovascular Nurses
Association, Society for Cardiovascular Angiography
and Interventions, and Society of Thoracic Surgeons. J
Am Coll Cardiol 2012;60:e44–164.
G. Levine, E. Bates, J. Blankenship, et al. 2011 AACF/
AHA/SCAI guideline for percutaneous coronary
intervention. J. Am. Coll. Cardiol. 2011;58: e44-e122.
Johnson RA, Palacios I. Dilated cardiomyopathies
of the adult (first of two parts). N Engl J Med
1982;307:1051e1058.
Jellinger PS, Handelsman Y, Rosenblit PD, Bloomgarden
ZT, et al. AACE/ACE Guidelines for the Management
of Dyslipidemia and Prevention of Cardiovascular
Disease. Endocr Pract. 2017;23(Suppl 2).
Silva F, Borges T, Ribeiro A, Mesquita R, et al. Heart
failure with reduced ejection fraction: Should we submit
patients without angina to coronary angiography?
International Journal of Cardiology 2015;190: 131–132.
Bayon J, Santas-Alvarez M, Ocaranza-Sanchez R, et al.
Role of coronary angiography in severe left ventricular
systolic dysfunction and dyspnoea. Do we really follow
the guidelines? Interv. Cardiol. 2017;9:75-79.
Barik R, Patnaik A. N, et al. Occult coronary artery
disease in global severe left ventricular hypokinesia.
Journal of Indian College of Cardiology 2014;4:214
217.
Saraf S, Shandra S, Saran R. K, Narain V. S, et al. To
detect occult coronary artery disease in global severe
left ventricular hypokinesis. Indian Heart Journal
2015;67:S103-S104.
Rodrigo M Orel Vieira de Melo, Eduardo França
Pessoa de Melo, et al. Clinical Usefulness of Coronary
Angiography in Patients with Left Ventricular
Dysfunction. Arq Bras Cardiol.2012;98:437-441.
Doukky R, Shih MJ, Rahaby M, et al. A simple validated
clinical tool to predict the absence of coronary artery
disease in patients with systolic heart failure of unclear
etiology. Am J Cardiol 2013;112:1165-70.
Figulla HR, Kellermann AB, et al. Significance of
coronary angiography, left heart catheterization, and
endomyocardial biopsy for the diagnosis of idiopathic
dilated cardiomyopathy. Am Heart J. 1992;124:1251-7.

Source of Support: Nil; Conflict of Interest: None
Submitted: 18-02-2020; Accepted: 16-03-2020; Published: 14-04-2020

International Journal of Contemporary Medical Research
ISSN (Online): 2393-915X; (Print): 2454-7379

